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{57 ) A process for producing crystalline L-aspartic 
L Jd is disclosed which essentially cons.s .ng of the 


t «i thP reaction solution, wherein a further 

is added thereto to crystallize L-aspart. ac,d. The p^c 
PSS can orovide crystalline L-aspartic acid of h.gh purity 
J fagS ; workability without the need of any comphcat- 
ed steps 
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Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 
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DESCRIPTION OF THE PRIOR ART 

react ng asoa^ , mara , 9 „,„ , „ #re8 oIa m ™",oTo™Tof«r; S ° IU "° a ™ S " ,0 " ss """P*" 

[5o04] !n USm T ti0n 13 r6CyC,ed ^ ^ Startin9 SO,Uti ° n f ° r 

of ammonia ^an^m ammonium fumarate with enzyme, addition 

For shrtt.ng the equilibrium of the reaction to the I aspart c acS 1 2 T ^ aCid) or more is 

2 to 2. 3 times the mo.ar amount of f umaric acid is usSy used ' On th h* ^ USUa " Y USed a " a ™-< ° f '«« 

10006] The disodium fumarate solution has a „H„fa, ,*«. 

amount with the amount of fumaric acid, the pH of thl sL7oari S ^T°?^ S '° ' h '' S SO,Uti0r1 in the e ^™' a ' 

turated. Therefore, the addition of such amounVnV^ l ° 12,1 at 3000 at whicn PH aspartase is dena 

[00073 Japanese patem NQ ^SS^^ *• -Vmatic reLo^hl a^ 
add,ng fumanc acid to a monoammonium L-as P artate soluton in 'Z^*"'™' 0 " and is °'ation of L-aspartic acid by 
converted into a solution of monoammonium L^^^TlJ"^ 3 S ° ,Uti ° n ° f dia ™°™m fumarate is 

to crystailize L-as P artic acid, which is .solated by SSn and Then TrT ^ ^ ta 3dded to ,he resu,ta " ^o.ution 
™ ct ™ V "° n - and then am ™"'a « added to the filtrate for the subsequent 

S^ji^iSSS ^Tc^^^^^^.^ '—ic acid is proceeded under a 
-s added to the monoammonium L-as P artate solution ^ a<= ' d ° r b ° ,h are P rese ^ fumaric acid 

srs^^sr ;™ 1 r t d is 0 5 ^ »• ™- — - - , 

"parte acd as the starting solut,on for the •uta•q" , a?^2^a^I2? C ^ , S °' Uti0n iS °' atln9 ^ Statti ^ 
P emented to the reaction solution to re-adjust the reX^uSJT am ° Unt of ,umaric must be sup- 

of a solid component (i.e., fumaric acid) ii c^du^^^LT^^ to in,t,al ^ Tha * ' S add *°" 

« SUMMARY OF THE INVENTION 

of L-asparta.e present in the ammonium l-aspartate solu S tS ?L ^ iS afOUnd e ^ imo,ar witn 

monoammonium fumarate. which generally snows a sma ^ formed a '* er addition of the <"™"' ™« « 

pears as crystals in the solution and included into the Estate c V * °' ,he m ™«"™"onium fumarate ap- 

crystals of L-aspart.c acid as impurities: thus, the purity of the 
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crystalline L-aspartic acid is reduced, producing crystalline L-aspartic acid, in which 

[001 2] in order to improve ^.^J^ 9 ^^^^^ by the e'nzymatic reaction with aspartase 
ammonia is added to an ammonium L-aspartate solution wit c y gcid js added tQ (he 

to bring the reaction solution into a ^ where -m° a ^^^^^^ and L . asparta ,e both present 
^a^ 

ST We have found another method for producing c^stalHne U-asparnc : ac£. ^^Z^s^ 
ammonium L-aspartate so.ution which is obtained by m^umaric acd thereto, 

heated, fumaric acid is added to the heated reaction solute ,to ac , d out of the solut i on . 
,he resultant homogeneous so.ution without crystals ,s ^^^^^^^^^^ f umarate alone 
t 001 4] in these approaches, by the add.t-on of ammonia t Khe react '^^^ of fumaric acid . 

but a mixture of monoammonium fumarate and '^^^^^l^^^, L . aspa rtic acid. With respect 
The diammonium fumarate. due to its high so.ubimy is no «e 06 f^*^^ conc P entration in the reaction 
to the monoammonium fumarate that ,s produced as a part of the i react on proa ^ ^ ^ g 

solution decreases by the formation of ^no^lum fumarate into the crys- 

comp.ete.y dissolved state^^ ^^^^^J^^J,^ be obtained with a high purity. 

a HHPd has the ootimum range for the enzymatic reaction with aspartase. 

Pei^dtThe above-mentioned findings, we have J^JjJ^™. process for producing crys- 
0017] Therefore, according to one aspect of the present manner ■ ^^P~^ P ^ ^ ^ 

la.line L-aspartic acid comprising the ^ ° <^ containing L-aspartate 

alkaline metal hydroxide, reacting the mix solution * * ^ rt « e *° Q ^ hec amount o( amm0 nia is added to the 

K ly^o^^^ - " — " * ^ * 

th . starting reaction so.ution for the ^^^SStTl is^ed a process for producing crystalline L- 
[001 9] According to another aspect of the present inve ™ °^ ™ . J fumaric acjd amm onium L-aspartate, am- 
Lspartic acid comprising the steps of preparing a mix ^^^^l ^ e a reaction solution containing 
monia and an alkaline metal hydroxide, react.ng he mix ^^^^^^^ni of ammonia is added 
L-aspartate and crysta.Hzing L-aspartic acid out ^^Zo^Z^l addeS thereto to crysta.lize L-aspartic 
to the reaction solution containing L-aspartate and subsequently fumaric acd is adaeo 

SSo] According to another aspect of the present 

aspartic acid comprising the steps of P^*™^ and crystallizing 

hydroxide, reacting the mix solution w.th asparta se to 9™ * ^ ™ mrnonia is added to the reaction so.ution 

solution is cooled to crystallize L-aspartic acd. the crysta |, izat ion of L-aspartic 

l ^LZ.^^~^~^^^ ™ y bs '-^ as a pa " °' 

»Z, ™««on solu.ion ,0, m. P-« r o. ^^TS.™ is P SS d " ^process ,o, P-oducng cystine L- 
[0022] According to another aspect ol IB. present '1?^™* acia ammonium L-aspartat.. am- 

aspartic acd comprising the steps ol sparing a m,x solution ' ° g°,T. reaction so.ution containing 
monia and an alkaline melal hydroxide, reacting 0,. m,x — '«^ ! J'^,, oC amrn onia is added 

tase gene or a product from the transformant onto a earner. 
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h n a '" S ' Umar C aC ' d and L - as Pa^tic acid ,n a concentration of 8 to 20% in terms of fumanc acid may be made to flow 
through a reactor conta.nmg an immobilized aspartase having an aspar.ase activity of 250 U of ,h earner or more Z 
a liquid hour space velocity of 2 to 20. Here. "1 IT means i u mole L-aspartic acid yielded/min/mMmmoS "d a SP Tr ase 

too 2 T ^Z ^ hT T (LHSV) " mSanS VO ' Ume °' SO ' U,,0n flOW6d CnlWoium. of caWyet^S S "eT hour 
[0027] The immobilized aspartase may be prepared by adsorption of microorganism cells having an aspartame actS 

Z^cTJ%.t^£ T s omo an ,on exchan9e resin or by coatin9 of a ^e^^^Z 

mn 3 2 T ? products from the microorganism cells onto the ion exchange resin 

[0028] The immobilized aspartase may be prepared by mixing microorganism cells having an aspartase activitv or 

z ; tht z? : m r org r ism ceiis w,th a poiymer ° f ,ormu,a <■> *•» J^r^^^z z 

the spherical styrene/d.vmylbenzene copolymer ,on exchange resin particles: 
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— CH : — r.H 



CHCHi -K 
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wherein Y denotes a direct bonding or a divalent group selected from the 


0 
II 

-s- 

II 
0 


or 


— CH 


COOH 


group consisting of 

CH — 

I 

CQOH 


each of R, and R 2 is independently a hydrogen atom or an organic residue: X=- denotes 
from 100 to 5000. 


an anion: and n is an integer 


DETAILED DESCRIPTION OF THE INVENTION 

[0030] Hereafter The present invention will be described in detail 

^paltLeVctifJTxlrroMh aSPartaS6 ^ bS US6d 10 3 f ° rm °' a " -P-taee^onuyninB material having an 
nh ! ir V ', P the as P artas e-<:ontaining material include cells of microorganisms known to have a 
h^gh aspartase activity, such as Escherichia coffand microorganisms belong.ng to the faSTes BrTvZcterium and 

[0032] However. ,n the present invention, it is particularly preferable to use recombinant E coli cell that has been 

betrt:: a ^Lte c m r r r; as r ase sene so that * can produce aspartas * ^'^^"z 

h am , of ar^mol f in T \ ? hydr ° Xide) iS US6d '° r ".•utralteatton of fumaric acid in part, 

he amount of ammonia ,n the reaction solution is reduced relative to the amount of the alkaline metal hydroxide 
resulting ,n decrease in a conversion rate of fumaric acid into L-aspartic acid hydroxide, 
[0033] The aspartase gene which can be used in the present invention may be derived from any microorganism 
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whose qene is known to naturally cross with E. coll gene and which has an aspartase activity, including E. col,. Pseu- 
Tmonas fluorescens and m.croorganisms belonging to the families Enterooacter and Ctrooacter. The aspartase gene 
c^be obta^e?from. for example the chromosome DNA of E. coff strain K-1 2 (IFO 3301 ) or PseuComonas Uuorescens 
TfO 30aiTand amp,ified by polymerase chain reaction (PGR) using primers prepared based on a Known aspartase 

' [O^r^rplasmid to which the aspartase gene is integrated is no. particu.arly limited, and any or* . may be used 
as long as it can be replicated in a microorganism belonging to E. coli. Examples of the plasmid .nc.ude pUClS and 
PKK223 3 The host microorganism into which the plasmid carrying the aspartase gene ,s introduced ,s preferably E. 

to moasT^l^tne present invention, a microorganism cell having an aspartase activity, a product thereof or aspartase 
• , se « may be immobilized in a carrier in a conventional manner. Examples of the carrier include natura. polymers such 
as ceSse a7g™c acid, carageenan and mannan gel: and synthetic po.ymers such as ion exchange resins. poWviny. 
afcohonoiyacrylamide. Among these, preferable is a spherical ion exchange resin particle made of styrene/divmyl- 
" benzene corner, onto which! mixture of a po.ymer of the formula (I) above with the ab ove - mentlon !^-^ n a 
»s fern cells or the product thereof is coated. For example, it is preferable to immobihze the ™™W™° eite ™°* 
water insoluble carrier by coating a mixture of the cells with a watersoluble polymer (e.g., PAS-360) which .s capab e 
oZ2T^osZl^e between the polymer mo.ecules or between the polymer and the surface of the cel.s onto 

the carrier and then drying the coating. K =>rrior 
[0036] The immobilized aspartase prepared in this manner exhibits a low pressure loss and a low di us.on barrier 

20 Le to its thin diffusion layer, and therefore is suitable for a reaction with a high hqu.d hour space velocity (LHSV). 

The starting substrate solution used in the present invention is an aqueous solut.on of fumaric ac.d and a 
umarL acid neutrL.izing salt. The alkali used is a combination of ammonia and « a.KaH m-J. I ^^1^™* 
of the alkali metal hydroxide is within the range from 0.1 to 1.2 times, preferably from 0.3 to 1.0 times, and more 
tZSlw OA to 0.8 times the total molar amount of L-aspartate and fumarate present in the substrate soH*on. 

2S Hale TwouTd be easi.y understood by the persons ski.led in the art that the expression "the total molar jnie^L- 
aspartate and fumarate present in the substrate solution" means "the molar amount of fumarate present ,n the substrate 
SomS- auhe initial state where L-as P artate is not present in the substrate so.ution.which is actuaHy the molar amount 
ofCarfc add" itself added to the substrate solution. From the nature of the present invention where the recycling of 
1 subs ate o,Sn I took into account, the expression is used throughout the present specification for corivan»n« 

3 o The samL goes for the expression for the amount of ammonia mentioned below. If the amount of the alka metal 
hviox^e is below the range, the recovery of crystalline L-aspartic acid decreases. Whereas if the amount of the 
ar^meXdToxide is beyond the rang., the pH value of the substrate solution ^^^T^Zl 
of ammonia added decreases, resulting in a decreased conversion rate of fumanc acd into L-aspart.c acd as well as 

the possibility of inactivation of aspartase. inriu atrial 

3S [0038] The ammonia used in the present invention is preferably in a form of an aqueous solution .n v^w of industnal 
applicability. However, liquid ammonia and ammonia gas may also be used. The amount of ^^^^\ 
sCbstrate solution is within the range from 1 to 2 times, preferably from 1 . 1 to 1 .8 times, i is 

to 1 5 times the total molar amount of L-aspartate and fumarate in the substrate solut.on. In the present nvent.on it s 
ll^Z ^Lrnrn^ to the substrate solution in such an amount after addition of the alka hydrox.de in 

order to adjust the resultant substrate solution to a pH within the range from 6 to 9.5, pref erably «^ to 9 ^and 
more prefe ably from 8 to 9. The concentration of fumaric acid in the starting substrate solution .s preferably 5-20 A by 
we JhrHowever, in view of productivity and purity of the crystalline L-aspartic acid yielded, it .s particu.arly effective 
to use fumaric acid in a concentration of 8-1 5% by weight. „« =m k 0 „ man- 

[0039] The substrate solution may additionally contain a divalent metal salt such as a man ^2 t T a n7aM 
ganese chloride, manganese sulfate: a magnesium salt, e.g., magnesium chlor.de. magnesium sulfate, and a cobalt 
salt in a concentration of 0.1-50 mM. and preferably 1-10 mM. 

0040] in "e present invention, any type of reactor may be employed, including conventional reactors of batch type 
or column type. The reactor may be used singly or in combination of two or more thereof. n5 , rfirularlv 
?0041] m order to produce crystalline L-aspartic acid in an industrial large scale, a column-type reactor ,s P*™^ 
preferable In the reaction earned out in a column-type reactor, when an immobilized aspartase ,s used £«h * pre- 
pared by coating a m.xture of a po.ymer of formula (I) with E. co// cel.s which have ^en transformed w.th a *rn,d 
carrvina aspartase gene so as to produce aspartase in an increased amount onto spherical particles of styrene/drvi 
nylbenLneColymer ion exchange resin, the substrate solution may be passed through the column a, a flow rate 
LHSV of 2-20 to cause to react the solution with aspartase. av . . 

[£,42] When an immob.lized aspartase in which natura. E. eofc.ll is immobi.ized is used, .t is ^ed to exmnd 
he reaction period or decrease th flow rat (LHSV) of the substrate solution since the aspartase activity - o 
coil is not so high In contrast, when an immobilized aspartase in which E. co// cell transformed with aspartase , gene 
Ju ed a saSctory conversion rate can be attained even at the above-mentioned flow rate since such immob.lized 
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aspartase has an extremely high aspartase activity. 

[0043] The reaction temperature is preferably within the range from about 10°C to about 50°C. and more preferably 
within the range from 1 5°C to 40°C. With the reaction temperature lower this range, the reaction rate tends to decrease 
Whereas with the reaction temperature beyond this range, the aspartase activity is likely to be inactivated. 
* [0044] The reaction of fumanc acid with ammonia is conducted under the conditions described above. Although it is 
preferable to proceed the reaction at a higher conversion rate, the conversion rate of about 90% is satisfactory for the 
subsequent crystallization of L-aspartic acid, even if the reaction does not reach equilibrium. 

[0045] Next, ammonia is added to the reaction solution to adjust the pH of the solution to pH 9 or more preferably 
pH 9.1 or more, and more preferably pH 9.3 or more. The upper limit of the amount of ammonia added is equimolar 

io with the total amount of fumarate and L-aspartate present in the reaction solution, particularly from 0 1 to 0 9 time 
more preferably from 0. 3 to 0 7 time the total molar amount of fumarate and L-aspartate present in the reaction solution 
With ammonia in an amount lower the range, contamination of monoammonium fumarate into the crystalline L-aspartic 
acid occurs. Whereas with ammonia in an amount beyond the range, the yield of crystalline L-aspartic acid is reduced 
[0046] In one aspect of the present invention, after addition of ammonia, fumaric acid is further added to the reaction 

'5 solution. The amount of the fumaric acid is within the range from 0.6 to 1 .2 times, preferably from 0 7 to 1 1 times and 
more preferably from 0.8 to 1.0 times the total molar amount of fumarate and L-aspartate present in the reaction 
solution. When fumaric acid is added in an amount lower the range, the yield of crystalline L-aspartic acid is reduced 
Whereas when fumaric acid is added in an amount beyond the range, contamination of fumarates into the crystalline 
L-aspartic acid occurs. 

20 [0047] After addition of fumaric acid, the reaction solution is stirred at a temperature of 45 3 C or less, if the temperature 
is too low. crystals of monoammonium fumarate which have a low solubility are likely to be included into the crystalline 
L-aspartic acid. Therefore, the temperature of the reaction solution is preferably 1 0-40°C, and more preferably 25-35°C 
After addition of fumaric acid, stirring of the reaction solution is allowed to continue for 1 sec to 1 hour, preferably 1 to 
15 mm. to complete the crystallization of L-aspartic acid out of the solution. The crystallized L-aspartic acid may be 
2S isolated from the solution by a conventional means such as suction filtration and centrifugal filtration. Centrifugal filtra- 
tion is preferable because it can give the cake of crystalline L-aspartic acid of a low liquid content. 
[0048] In another aspect of the present invention, after addition of ammonia, the reaction solution is heated to 45*C 
or more, preferably 50°C or more. Although the heating temperature does not have a particular upper limit the reaction 
solution is usually heated to a temperature up to the boiling point thereof under normal pressures. Subsequently, 
*o fumaric acid is added to the heated reaction solution. The amount of the fumaric acid added is within the range from 
0.6 to 1 .2 times, preferably from 0.65 to 1 . 1 times, and more preferably from 0.7 to 1 .0 time the total molar amount of 
fumarate and L-aspartate present in the reaction solution. When the amount of fumaric acid is below the range, the 
yield of the crystalline L-aspartic acid decreases. Whereas when the amount of fumaric acid is beyond the range a 
fumarate is included into the crystalline L-aspartic acid. After fumaric acid is added, the reaction solution is stirred at 
™ a temperature of 45°C or more for 1 sec to 1 hour preferably 1 to 15 min to dissolve fumaric acid completely This 
solution is a homogeneous solution containing no crystals of fumaric acid or L-aspartic acid. The reaction solution is 
then cooled to crystallize L-aspartic acid out of the solution. The cooling is continued until the temperature of the 
suspension (i.e., a solution containing crystalline L-aspartic acid) reaches a temperature range from 10-45°C When 
the temperature is beyond the range, the yield of crystalline L-aspartic acid decreases. Whereas when the temperature 
*o is below the range, fumarate is included into the crystalline L-aspartic acid. 

[0049] After cooling, the solution is stirred for additional 1 sec to 1 hour, preferably 5 to 15 min. to complete the 
crystallization of L-aspartic acid out of the solution. The yielded crystalline L-aspartic acid may be isolated from the 
solution by a conventional means such as suction filtration and centrifugal filtration. Centrifugal filtration is preferable 
since it can give a cake of crystalline L-aspartic acid of a low liquid content. 

[0050] The crystals of L-aspartic acid thus isolated (i.e.. a cake) may be washed with water, if necessary By washing 
the amount of the fumarate included into the crystals of L-aspartic acid in a small amount can be reduced, resulting in 
a high purity of the crystalline L-aspartic acid. However, in view of recycling the mother liquor after isolating the crystals- 
of L-aspartic acid from the solution, it is not preferable to wash the crystals with a too large volume of water. The amount 
of water for washing the crystals is within the range from 5 to 500% by weight, and preferably from 10 to 200% by 
weight, based on the amount of the crystals of L-aspartic acid. In this manner, crystalline L-aspartic acid containing a 
trace amount, for example 0.1 to 3% by weight, preferably 0.2 to 2% by weight, of fumarate can be obtained The 
fumarate-containing crystalline L-aspartic acid thus obtained is hardly airborne even if it is made into fine powder and. 
therefore, is easy to handle and extremely useful as the L-aspartic acid for industrial use. 

[005 1 ] The L-aspartic acid can be used as an additive for food, medicines and the like by further repeated purification. 
[0052] The mother liquor after isolating the crystals of L-aspartic acid may be recycled as the starting substrate 
solution for the subsequent reaction by mixing with the wash solution of the cake and adding ammonia thereto. If 
necessary, the mother liquor and the wash solution may be subjected to an appropriate treatment such as concentration. 
For example, the volume of the substrate solution increases by the volume of the water from the wash solution and 
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15 


the aqueous ammonia solution. Therefore, after addition of ammonia, the total volume of the substrate solution can 
be adjusted to the predetermined initial volume by concentrating the mother liquor and the wash solution. The molar 
amount of ammonia supplemented can be determined by subtracting the molar amount of ammonia added prior to the 
addition of fumaric acid from the molar amount of L-aspartic acid isolated as crystals. Thus, the amount of ammonia 
in the substrate solution is adjusted to from 1 to 2 times the total molar amount of fumarate and L -aspartate present 
in the solution. This solution has a pH within the range from 6 to 11 . In this manner, the mother liquor can be prepared 
into the starting substrate solution for the subsequent reaction. That is. in an aspect of the invention, a series of pro- 
cedure is repeated which comprises the steps of reacting the substrate solution with an aspartase-containing material 
having an aspartase activity, adding ammonia to the reaction solution adding fumaric acid to the reaction solution to 
crystallize L-aspartic acid out of the solution, isolating the crystals of L-aspartic acid, and preparing the next starting 
substrate solution from the mother liquor. In another aspect of the invention, a series of procedure is repeated which 
comprises the steps of reacting the substrate solution with an aspartase-containing material having an aspartase ac- 
tivity, adding ammonia to the reaction solution, heating the reaction solution, adding fumaric acid to the warm reaction 
solution, cooling the reaction solution to crystallize L-aspartic acid out of the solution, isolating the crystals of L-aspartic 
acid, and preparing the next starting substrate solution from the mother liquor. According to the present invention, it is 
possible to recycle the mother liquor 10 times or more. 

[0053] The preparation process of aspartase derived from E. coli by genetic engineering technique is described 
below. 


20 


(i) Production of E. coli transformant with recombinant aspartase gene 

Cells of E. coii strain IFO3301 purchased from Institute for Fermentation were inoculated to a LB medium of 
Table 1 below and cultured at 37°C for 8 hours. Cells were collected from 1 ml of the culture and suspended to 1 
ml of distilled water. 1 uj of the cell suspension was used as the template DNA for amplification of aspartase gene. 


25 


Table 1: 


35 


Composition of LB medium 

Polypeptone 

10 g 

Yeast extract 

sg 

NaCI 

10g 

Distilled water 

1 L 

(autoclaved at 121 

°C for 15 

min) 



(ii) Amplification of aspartase gene by PCR and production of insert fragments 

Based on the known sequence of aspartase gene of E. coli strain K-12 (SEQ.IO NO: 1 ) (Biochem. J. 237 (2), 
547-557), the two primers below were produced for amplification of E. coli aspartase gene. 


40 


Primer F: GGATAATCGTCGGTCGAAAA 


Primer R: CGTCATCTGACGTGCCTTT 


50 


55 


A reaction solution of the composition below was prepared using KOD DNA polymerase (Toyobo Co., Ltd.) 
for amplification of the aspartase gene by PCR. 


10X Buffer 

5 ul 

dNTPs Mix 

5 ul 

MgCI 2 

2 uj 

Template DNA 

1 M l 

KOD DNA polymerase 

1 Ml 

Primer F (25 pmol) 

1 Hi 

Primer R (25 pmol) 

1 Ml 
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(continued) 


Sterilized water 

34 nl 

Total 

50 ul 


Conditions for PCR 


© 

98° C 

5 min. 


98°C 

30 sec. 


53° C 

30 sec. 

® 

68° C 

1 min. 

(repeating from ©through Q£)for 30 cy- 

cles) 




After the PCR was completed, the amplified DNA fragment was subjected to electrophoresis on a 1% agarose 
gel and the gel was stained with ethidium bromide. As a result, it was confirmed that the predicted fragment of 
about 1600 bp was amplified. 

The portion containing the DNA fragment was excised from the agarose gel and the DNA fragment was col- 
lected therefrom using Prep-A-Gene (Bio-Rad Laboratories Inc.). 

(iii) Ligation of the insert fragment to a vector 

The above-obtained DNA fragment was ligated with a pCR-Script Amp SK(+) cloning vector in the presence 
of a restriction enzyme Srf and a DNA ligase. 

The transformant carrying the vector containing the insert DNA fragment was designated strain PUaspEI. 

The strain PUaspEI was inoculated to 3 ml of a LB medium supplemented with 1 00 ppm of ampicillin and then 
cultured with shaking at 37°C overnight, and the cells were collected from 1.5 ml of the culture. The cells were 
subjected to alkaline SDS method to collect plasmids therefrom. The plasmid thus obtained was designated 
pUaspEI. 

This plasmid was analyzed on the nucleotide sequence of the insert fragment. As a result, it was found that 
the aspartase gene was inserted in the reverse direction relative to the promoter of the vector. 

In order to re-ligate the insert fragment in the forward direction relative with the promoter, the plasmid pUaspEI 
was digested with Sacl and BamHI to cleave out the insert fragment and the fragment was introduced into plasmid 
pUC19. That is. the plasmid pUaspEI was digested with BamHI and then subjected to ethanol precipitation to 
collect DNA fragments. The DNA fragments were further digested with Sacl and the resultant was subjected to 
electrophoresis on a 1% agarose gel to isolate the DNA fragments. The portion containing the DNA fragments 
was excised from the gel and the DNA was collected with Prep-A-Gene (Bio-Rad Laboratories Inc.). 

(iv) Production of a vector 

1 u.g of plasmid pUCl9 (Nippon Gene co. : Ltd.) was digested with BamHI and then subjected to ethanol pre- 
cipitation to collect DNA fragments. The DNA fragments were further digested with Sacl. The resultant DNA frag- 
ments were isolated by electrophoresis on a 1% agarose gel and the portion containing the DNA fragments was 
excised from the gel to collect the DNA with Prep-A-Gene (Bio-Rad Laboratories Inc.). The collected DNA was 
used as a vector. 

(v) Ligation of the insert fragment to the vector 

The insert fragment was ligated with the vector which had been digested with the restriction enzyme with 
Ligation High (Toyobo co., Ltd.) at 16°C for 30 min. 

(vi) Transformation of E. cofi 

2 uJ of the reaction solution containing the insert fragment ligated with the vector was added to 200 jal of 
competent E. cofi cells (XL2-Blue MRF' Ultracompetent cells: Stragagene) to transform the E. cofi cells. The E. 
cofi transformants were plated onto a LB agar medium supplemented with 100 ppm of ampicillin and cultured at 
37°C overnight. 

20 of the colonies appeared on the medium were picked up, inoculated onto a LB medium supplemented with 
100 ppm of ampicillin and then cultured with shaking at 37°C for 8 hours. Then isopropyl thio-|3-D-galactoside 
(IPTG) was added to the culture in a concentration of 1 mM and further cultured with shaking at 30°C overnight. 
The cells were collected from 1 ml of the culture medium. 

As a control, E. coli cells were transformed with plasmid pUC 1 8 into which the insert fragment was not inserted, 
plated onto a LB agar medium supplemented with 100 ppm of ampicillin and then cultured at 37°C overnight in 
the same manner as mentioned above. One of the colonies of the control transformant appeared on the medium 
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was picked up and cultured and the cells were collected in the same manner as mentioned above. 

The cells thus collected was added to 1 ml of the 20% ammonium fumarate substrate solution of Table 2 below : 
suspended therein and allowed to react at 30°C for 1 hour. 


Table 2: 


Composition of a 20% ammonium fumarate substrate solution 

Fumaric acid 

Aqueous 25% ammonium solution 
Magnesium sulfate heptahydrate 
Ion exchange water 

200 g 
200 g 
2.5 g 
500 g 

(adjusted to pH 8. 3 with an aqueous 25% ammonium solution and made up with ion exch 

ange water to 1 liter) 


After the reaction was completed, each of the reaction solutions was analyzed. As a result, it was found that 
the reaction solution containing the E. coli t ran sformants with the insert fragment showed the conversion rate of 
fumaric acid into L-aspartic acid of 99. 5%, whereas the reaction solution containing the E. colii ran sformants without 
the insert fragment showed the conversion rate of only 5%. 

One of the transformants with the insert fragment was designated PUaspE2. 

The transformant PUaspE2 was inoculated to 3 ml of a LB medium supplemented with 100 ppm of ampicillin 
and then cultured at 37°C for 8 hours. Plasmid was collected from 1.5 ml of the culture by alkaline SDS method. 
The plasmid thus obtained was designated pUaspE2. The plasmid pUaspE2 was digested with Smal and subse- 
quently with Hindi II, and then the size of the resultant fragments was determined by electrophoresis on a 1% 
agarose gel. As a result, it was found that two fragments of about 2960 bp and about 1600 pb. respectively, were 
obtained. 

The PUaspE2 strain was inoculated to 3 ml of a LB medium supplemented with 100 ppm of ampicillin and 
cultured with shaking at 37°C for 8 hours. IPTG was then added to the culture medium in a concentration of 1 mM 
and the cultivation was continued at 30°C overnight. The cells were collected from 1 ml of the culture medium. 
The cell density of the culture determined at OD 660nm was 8.0. 

The transformant cells thus collected were suspended to 10 ml of a 20% ammonium fumarate substrate so- 
lution. The reaction solution was allowed to react at 30°C for 1 hour and subjected to high performance liquid 
chromatography (HPLC) analysis. The aspartase activity of the reaction solution determined by calculation with 
the amount of L-aspartic acid produced and the cell density, was 2000,000 jaM L-aspartic acid yielded/hr/OD 660 
cell density. nm 

In the same manner, one colony of the control transformant without the insert fragment was cultured, the cells 
were collected from the culture, and the cell density of the culture was determined at OD 660nm . As result, it was 
found that the cell density of the culture was 8.5. 

The control transformant cells thus collected were suspended to 10 ml of a 20% ammonium fumarate substrate 
solution. The reaction solution was allowed to react at 30°C for 1 hour and subjected to HPLC analysis. The 
aspartase activity of the reaction solution determined as above was 10 ; 000 jaM L-aspartic acid yielded/hr/OD 660nm 
cell density. nm 

Accordingly, the transformant PUaspE2 had an aspartase activity of 200 times greater than that of the strain 
without aspartase gene insert fragment, 
(vii) Culture of the transformant 

The recombinant E. coli strain PUaspE2 transfected with E. coli aspartase gene was inoculated into ten test 
tubes each containing 3 ml of the medium of Table 1 above supplemented with 100 ppm of ampicillin and then 
cultured at 37°C for 3 hours. The cultures in the test tubes were respectively inoculated to ten Sakaguchi flasks 
each containing 100 ml of the same medium of Table 1 above supplemented with 1 mM of IPTG. and cultured at 
30°C overnight. The flasks were centrifuged to collect the cells therefrom. The aspartase activity of the cells from 
each flask was determined and found to be 1.05 moles L-aspartic acid yielded/hr/g cells. 

Preparation of immobilized aspartase with the recombinant E. coli transfected with aspartase gene 

[0054] 70 g of PAS-880 (Nitto Boseki Co,, Ltd.) which had been adjusted to about pH 7.0 with an alkali was fully 
mixed with 230 g of deionized water, and then the recombinant E. coli cells collected in the above step was dispersed 
homogeneously thereto. To a 6 L-eggplant type flask were added 300 ml of ion exchange r sin (AMBERLITE IRA-94S. 
C 1 -form, Organo Corporation: average particle diameter: 0. 5 mm) and 200 of Teflon beads (particle diameter: 0.5 inch). 
One-sixth of the cell dispersion solution was added to the flask and then evaporated to dryness for 1 hour while rotating 


EP 0 952 225 A2 


w 


15 


20 


25 


30 


35 


40 


the flask in an evaporator at 30-C. In this manner, the .on exchange resin was coated with the cells. This procedure 
was repeated 6 times Thereafter, the Teflon beads were removed to give immobilized aspartase in the form of beads. 
The enzymat,c activity of this immob.lized aspartase beads was 3500 U (1 U = 1 n moles L-aspart,c acid produced/ 
min/ml immobilized enzyme). The immobilized aspartase beads were hereinafter referred to as -recombinant immo- 
bilized aspartase beads" or "recombinant immobilized aspartase" for convenience. 

Cultivation of E.coli \FO 3301 

[00551 E coli strain IFO 3301 cells whtch had not been transfected with aspartase gene were cultured in the same 
manner as mentioned above, except that amp.cillin and IPTG were not added to the medium, and cells were collected 
from the culture. 

Preparation of Non-recombinant Immobilized Aspartase 

[0056] Non-immobilized aspartate was prepared in the same manner as mentioned above, except that E. coli strain 
IFO 3301 cells obtained above were used. The enzymatic activity of this non-recombinant immobilized aspartase was 
180 U (1 U = 1 u moles L-aspartic acid produced/min/ml immobilized enzyme). 

[0057] The present invention will be further described by illustration in the following Examples, which are not intended 
to limit the invention. 

EXAMPLES 

Example 1 

ro0581 The recombinant immobilized aspartase beads prepared with recombinant aspartase gene as mentioned 
above were soaked in a 20% ammonium fumarate solution ( P H 8.3) overnight. 50 ml of the same was packed into a 
column and the column was externally covered with a thermal insulating material made of foamed polystyrene to 
maintain the internal temperature of the column constant. A substrate solution of Table 3 (which had been kept at 20 C 
in a constant temperature water bath) was fed to the column through a Teflon tube wrapped with a therma insu fating 
material and made to flow through the column at a flow rate of 500 ml/hr [liquid hour space veloc.ty (LHSV) = 10.0]. 
Thus a continuous reaction was conducted. . 
[00S9] 3 hours after the reaction was started, the reaction solution was analyzed. As a result, it was found that L- 
aspartic acid approximately equimolar with the consumed fumaric acid was obtained as a react.on product, where the 
conversion rate of fumaric acid into L-aspartic acid was 99.2%. 

[00601 To 1 liter of this reaction solution was added 29.3 g of a 25% aqueous ammonia solution. The reaction solution 
had a pH of 9 5 70 g of fumaric acid was added to the reaction solution and stirred for 1 hour to give a suspension 
containing crystalline L-aspartic acid. At this point, the temperature of the suspension was 30°C. The suspension was 
filtrated and the resulting cake was fully compressed to remove liquid content therefrom. The cake was washed w.th 
100 ml of water and then dried to give crystalline L-aspartic acid (yield 61 .3 g; purity 98.4%). 

Table 3 


45 


SO 


55 


Fumaric acid 

100 g 

NaOH 

20 g 


(0.58 time the molar amount of fumaric acid) 

25% Aqueous ammonia solution 

87.9 g 


(1 .5 times the molar amount of fumaric acid) 

Magnesium sulfate 

0.25 g 

(made up with deionized water to 1 liter). 


Example 2 

r0061l The recombinant immobilized aspartase beads as mentioned above were soaked in a 20% ammonium fu- 
marate solution (pH 8.3) overnight. 50 ml of the same was packed into a column and the column was externally covered 
with a thermal insulating material made of foamed polystyrene to maintain the internal temperature of the column 
constant. A substrate solution of Table 3 (which had been kept at 20»C in a constant temperature water bath) was fed 
to the column through a Teflon tube wrapped with a thermal insulating material and made to flow through the column 
at a flow rate of 500 ml/hr (LHSV = 10.0). Thus a continuous reaction was conducted. 
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[0062] 3 hours after the reaction was started, the reaction solution was analyzed. As a result, it was found that L- 
aspartic acid approximately equimolar with the consumed fumaric acid was obtained as a reaction product, where the 
conversion rate of fumaric acid into L-aspartic acid was 99.2%. 

[0063] To 1 liter of this reaction solution was added 29.3 g of a 25% aqueous ammonia solution. The reaction solution 
had a pH of 9.5. 80 g of fumaric acid was added to the reaction solution and stirred for 1 hour to give a suspension 
containing crystalline L-aspartic acid. At this point, the temperature of the suspension was 30°C. The suspension was 
filtrated and the resulting cake was fully compressed to remove liquid content therefrom. The cake was washed with 
100 ml of water and then dried to give crystalline L-aspartic acid (yield 72.5 g: purity 98.6%). 

Example 3 

[0064] The recombinant immobilized aspartase beads as mentioned above were soaked in a 20% ammonium fu- 
marate solution (pH 8. 3) overnight. 50 ml of the same was packed into a column and the column was externally covered 
with a thermal insulating material made of foamed polystyrene to maintain the temperature within the column constant. 
A substrate solution of Table 3 (which had been kept at 20°C in a constant temperature water bath) was fed to the 
column through a Teflon tube wrapped with a thermal insulating material and made to flow through the column at a 
flow rate of 500 ml/hr (LHSV = 10.0). Thus a continuous reaction was conducted. 

[0065] 3 hours after the reaction was started, the reaction solution was analyzed. As a result, it was found that L- 
aspartic acid approximately equimolar with the consumed fumaric acid was obtained as a reaction product, where the 
conversion rate of fumaric acid into L-aspartic acid was 99.2%. 

[0066] To 1 liter of this reaction solution was added 29.3 g of a 25% aqueous ammonia solution. The reaction solution 
had a pH of 9.5. 90 g of fumaric acid was added to the reaction solution and stirred for 1 hour to give a suspension 
containing crystalline L-aspartic acid. At this point, the temperature of the suspension was 30°C. The suspension was 
filtrated and the resulting cake was fully compressed to remove liquid content therefrom. The cake was washed with 
100 ml of water and then dried to give crystalline L-aspartic acid (yield 84.1 g: purity 98.7%). 

Example 4 

[0067] The recombinant immobilized aspartase beads as mentioned above were soaked in a 20% ammonium fu- 
marate solution (pH 8.3) overnight. 50 ml of the same was packed into a column and the column was externally covered 
with a thermal insulating material made of foamed polystyrene to maintain the internal temperature of the column 
constant. A substrate solution of Table 3 (which had been kept at 20°C in a constant temperature water bath) was fed 
to the column through a Teflon tube wrapped with a thermal insulating material and made to flow through the column 
at a flow rate of 500 ml/hr (LHSV = 10.0); Thus a continuous reaction was conducted. 

[0068] 3 hours after the reaction was started, the reaction solution was analyzed. As a result, it was found that L- 
aspartrc acid approximately equimolar with the consumed fumaric acid was obtained as a reaction product, where the 
conversion rate of fumaric acid into L-aspartic acid was 99.2%. 

[0069] To 1 liter of this reaction solution was added 34.6 g of a 25% aqueous ammonia solution. The reaction solution 
had a pH of 9.8. 100 g of fumaric acid was added to the reaction solution and stirred for 1 hour to give a suspension 
containing crystalline L-aspartic acid. At this point, the temperature of the suspension was 30°C. The suspension was 
filtrated and the resulting cake was fully compressed to remove liquid content therefrom. The cake was washed with 
100 ml of water and then dried to give crystalline L-aspartic acid (yield 94. 1 g; purity 98.5%). ■ 
[0070] As is evident from the results of Examples 1 -4 above, it is preferable to add fumaric acid in an amount of 70 
g or more since a good recovery of 60% or more can be attained. 

Example 5 

[0071] The recombinant immobilized aspartase as mentioned above were soaked in a 20% ammonium fumarate 
solution (pH 8.3) overnight. 50 ml of the same was packed into a column and the column was externally covered with 
a thermal insulating material made of foamed polystyrene to maintain the internal temperature of the column constant. 
A substrate solution of Table 4 (which had been kept at 20°C in a constant temperature water bath) was fed to the 
column through a Teflon tube wrapped with a thermal insulating material and made to flow through the column at a 
flow rate of 500 ml/hr (LHSV = 10.0). Thus a continuous reaction was conducted. 

[0072] 3 hours after the reaction was started, the reaction solution was analyzed. As a result, it was found that L- 
aspartic acid approximately equimolar with the consumed fumaric acid was obtained as a reaction product, where the 
conversion rate of fumaric acid into L-aspartic acid was 99.2%. 

[0073] To 1 liter of this reaction solution was added 1 7.6 g of a 25% aqueous ammonia solution. The reaction solution 
had a pH of 9.1. 70 g of fumaric acid was added to the reaction solution and stirred for 1 hour to give a suspension 
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containing crystalline L-aspartic acid. At this point, the temperature of the suspension was 30°C The suspension was 
filtrated and the resulting cake was fully compressed to remove liquid content therefrom. The cake was washed with 
100 ml of water and then dried to give crystalline L-aspartic acid (yield 88.3 g: purity 98.6%). 

Table 4 


Fumaric acid 

100 g 

NaOH 

30 g 


(0.87 time the molar amount of fumaric acid) 

25% Aqueous ammonia solution 

70.0 g 


(1.2 time the molar amount of fumaric acid) 

Magnesium sulfate 

0.25 g 

(made up with deionized water to 1 liter). 


>s Example 6 

[0074] The recombinant immobilized aspartase as mentioned above were soaked in a 20% ammonium fumarate 
solution (pH 8.3) overnight. 50 ml of the same was packed into a column and the column was externally covered with 
a thermal insulating material made of foamed polystyrene to maintain the internal temperature of the column constant. 
20 a substrate solution of Table 4 (which had been kept at 20°C in a constant temperature water bath) was fed to the 
column through a Teflon tube wrapped with a thermal insulating material and made to flow through the column at a 
flow rate of 500 ml/hr (LHSV = 10.0). Thus a continuous reaction was conducted. 

[0075] 3 hours after the reaction was started, the reaction solution was analyzed. As a result, it was found that L- 
aspartic acid approximately equimolar with the consumed fumaric acid was obtained as a reaction product, where the 

25 conversion rate of fumaric acid into L-aspartic acid was 99.2%. 

[0076] To 1 liter of this reaction solution was added 1 7.6 g of a 25% aqueous ammonia solution. The reaction solution 
had a pH of 9.1. 90 g of fumaric acid was added to the reaction solution and stirred for 1 hour to give a suspension 
containing crystalline L-aspartic acid. At this point, the temperature of the suspension was 30°C. The suspension was 
filtrated and the resulting cake was fully compressed to remove liquid content therefrom. The cake was washed with 

30 100 ml of water and then dried to give crystalline L-aspartic acid (yield 97.2 g: purity 98.1%). 
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Example 7 

[0077] The non-recombinant immobilized aspartase beads as mentioned above were soaked in a 20% ammonium 
fumarate solution (pH 8.3) overnight. 50 ml of the same was packed into a column and the column was externally 
covered with a thermal insulating material made of foamed polystyrene to maintain the internal temperature of the 
column constant. A substrate solution of Table 3 (which had been kept at 20°C in a constant temperature water bath) 
was fed to the column through a Teflon tube wrapped with a thermal insulating material and made to flow through the 
column at a flow rate of 10 ml/hr (LHSV = 0.2). Thus a continuous reaction was conducted. 

[0078] 10 hours after the reaction was started, the reaction solution was analyzed. As a result, it was found that L- 
aspartic acid approximately equimolar with the consumed fumaric acid was obtained as a reaction product, where the 
conversion rate of fumaric acid into L-aspartic acid was 99.0%. 

[0079] To 1 titer of this reaction solution was added 29.3 g of a 25% aqueous ammonia solution. The reaction solution 
had a pH of 9.5. 90 g of fumaric acid was added to the reaction solution and stirred for 1 hour to give a suspension 
containing crystalline L-aspartic acid. At this point, the temperature of the suspension was 30°C. The suspension was 
filtrated and the resulting cake was fully compressed to remove liquid content therefrom. The cake was washed with 
100 ml of water and then dried to give crystalline L-aspartic acid (yield 83.1 g: purity 98.7%). 

Example 8 

[0080] The recombinant immobilized aspartase beads as mentioned above were soaked in a 20% ammonium fu- 
marate solution (pH 8.3) overnight. 50 ml of the same was packed into a column and the column was externally covered 
with a thermal insulating material made of foamed polystyrene to maintain the internal temperature of the column 
constant. A substrate solution of Table 3 (which had been kept at 20°C in a constant temperature water bath) was fed 
to the column through a Teflon tube wrapped with a thermal insulating material and made to flow through the column 
at a flow rate of 500 ml/hr (LHSV = 10.0). Thus a continuous reaction was conducted. 

[0081] 3 hours after the reaction was started, the reaction solution was analyzed. As a result, it was found that L- 
aspartic acid approximately equimolar with the consumed fumaric acid was obtained as a reaction product, where the 
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conversion rate of fumaric acid into L-aspartic acid was 99.2% 

[0082] To 3 liters of this reaction solution was added 87 Qn of a =^,,^..„ 

deionized water to 3 liters. ementea with 70.0 g of a 25 ,„ aqueous ammoma solution and made up with 

' S ™t^T^"c^^T* SOlUti ° n the -action. T hat is. the solution 

SasS ss^^ssr ~™ t ana, r d As a M * was 

where the conversion rate or furJric acid imo ^partic ac:d was 99 2- ™ 3 r6aCti ° n Pr ° dUCt 

[0088] i liter of this reaction solution was removed anr* oq i „ ~i , oco/ 

thereto. The reaction solution had a oH d qVTn n !Jf 9 „ ° aqueOUS ammonia solution was added 

Example 9 

Example 10 
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conversion rate of fumaric acid into L-aspartic acid was 10.8%. 


Table 5 


/o 

Fumaric acid 
NaOH 

100 g 
69.0 g 

(2.0 times the molar amount of fumaric acid) 


25% Aqueous ammonia solution 

58.4 g 

(1.0 time the molar amount of fumaric acid) 

15 

Magnesium sulfate 

0.25 g 


(made up with deionized water to 1 liter). 
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Example 11 

conversion rate of fumaric acid into L-aspartic acid was 80.2%. 
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Fumaric acid 
NaOH 

25% Aqueous ammonia solution 
Magnesium sulfate 

100 g 
60 g 

(1 .74 times the molar amount of fumaric acid) 
58.4 g 

(1 .0 time the molar amount of fumaric acid) 
0.25 g 

(made up with deionized water to 1 liter) 


Comparative Example 1 

[0096] The recombinant immobilized aspartase beads as mentioned above ^™ «^ *f£ ternatcoTered 
5 solution (pH 8 3) overnight. 50 ml of the same was packed into a column and the column ™ 8 e ^™** 

conversion rate of fumaric acid into L-aspartic acd was 99.7%. subsequent 
r00981 To 1 liter of this reaction solution were added 58.6 g of a 25 ,„ aqueous ammonia » -«. oart j C 
00 a of fumaric acid The reaction mixture was stirred for 1 hour to give a suspense containing ^ th^re^rom 
aad The suspension was filtrated and the resu.ting. cake was fully compressed to ^^ C ^ ^^ 
The cake was washed with 100 ml of water and then dried to give crystal.ine L-aspart,c acd (y.eld 56. 1 g. purity 98.7 ..). 
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Table 7 


Fumaric acid 

25% Aqueous ammonia solution 
Magnesium sulfate 

100 g 
129.0 g 

(2.2 times the molar amount of fumaric acid) 
0.25 g 

(made up with deionized water to 1 liter). 


[0099] As is evident from this result, the reaction without NaOH results in production of crystalline L-aspartic acid in 
a poor yield. 

Example 12 

[0100] The recombinant immobilized aspartase beads as mentioned above were soaked in a 20% ammonium fu- 
marate solution (pH 8.3) overnight. 50 ml of the same was packed into a column and the column was externally covered 
with a thermal insulating material made of foamed polystyrene to maintain the internal temperature of the column 
constant. A substrate solution of Table 8 (which had been kept at 20°C in a constant temperature water bath) was fed 
to the column through a Teflon tube wrapped with a thermal insulating material and made to flow through the column 
at a flow rate of 500 ml/hr (LHSV = 10.0). Thus a continuous reaction was conducted. 

[0101] 3 hours after the reaction was started, the reaction solution was analyzed. As a result, it was found that L- 
aspartic acid approximately equimolar with the consumed fumaric acid was obtained as a reaction product, where the 
conversion rate of fumaric acid into L-aspartic acid was 99.4%. 

[01 02] To 1 liter of this reaction solution was added 1 4.7 g of a 25% aqueous ammonia solution. The reaction solution 
had a pH of 9.1. 70 g of fumaric acid was added to the reaction solution and stirred for 1 hour to give a suspension 
contain.ng crystalline L-aspartic acid. At this point, the temperature of the suspension was 30°C. The suspension was 
filtrated and the resulting cake was fully compressed to remove liquid content therefrom. The cake was washed with 
100 ml of water and then dried to give crystalline L-aspartic acid (yield 30.1 g: purity 98.8%). 

Table 8 


Fumaric acid 
NaOH 

25% Aqueous ammonia solution 
Magnesium sulfate 

100 g 
10g 

(0.29 time the molar amount of fumaric acid) 
102.6 g 

(1 .75 times the molar amount of fumaric acid) 
0.25 g 

(made up with deionized water to 1 liter). 


Example 13 


[0103] The non-recombinant immobilized aspartase beads prepared as mentioned above were soaked in a 20% 
ammontum fumarate solution (pH 8.3) overnight. 50 ml of the same was packed into a column and the column was 
externally covered with a thermal insulating material made of foamed polystyrene to maintain the internal temperature 
of the column constant. A substrate solution of Table 3 (which had been kept at 20° C in a constant temperature water 
bath) was fed to the column through a Teflon tube wrapped with a thermal insulating material and made to flow through 
the column at a flow rate of 100 ml/hr (LHSV = 2.0). Thus a continuous reaction was conducted 3 hours after the 
reaction was started, the reaction solution was analyzed. As a result, it was found that L-aspartic acid approximately 
equimolar with the consumed fumaric acid was obtained as a reaction product, where the conversion rate of fumaric 
acid into L*aspartic acid was 80.2%. 

Example 14 

[0104] The recombinant immobilized aspartase beads as mentioned above were soaked in a 20% ammonium fu- 
marate solution (pH 8.3) overnight. 50 ml of the same was packed into a column and the column was externally covered 
with a thermal insulating material made of foamed polystyrene to maintain the internal temperature of the column 
constant. A substrate solution of Table 3 (which had been kept at 20°C in a constant temperature water bath) was fed 
to the column through a Teflon tube wrapped with a thermal insulating material and made to flow through the column 
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at a flow rate of 500 ml/hr (LHSV = 1 0.0). Thus a continuous reaction was conducted 

roiOSl 3 hours after the reaction was started, the reaction sotut.on was analyzed. As a result -t was found that L- 
aspartic acid approx.mately equimolar with the consumed fumaric ac.d was obtained as a reaction product, where the 
conversion rate of fumanc acid into L-aspartic acid was 99.2%. . |ihnn 
r0106] To 1 liter of this reaction solution was added 29.3 g of a 25% aqueous ammon.a solution. The reaction solution 
had a pH of 9 5 The reaction solution was heated to 60° C and then 70 g of fumanc acid was added thereto. The 
reaction mixture was stirred to g.ve a homogeneous solution in wh.ch the crystals of fumanc ac.d were dissolved 
completely The solution was gradually cooled while stirring. At the temperature around 45°C ; crystals of L-aspartic 
acid came to appear in the solution. The suspension was further cooled to 30°C and st.rnng was allowed to continue 
at that temperature for additional 30 m.n. The suspension was filtrated and the resulting cake was fully compressed 
to remove liquid content therefrom. The cake was washed with 100 ml of water and then dr.ed to give crystalline L- 
asparttc acid (yield 59.7 g: purity 99.1%). 

Example 15 

ro107l The recombinant immobilized aspartase beads as mentioned above were soaked in a 20% ammonium fu- 
marate solution (pH 3 3) overnight. 50 ml of the same was packed into a column and the column was externally covered 
with a thermal insulating material made of foamed polystyrene to maintain the internal temperature of the column 
constant A substrate solution of Table 3 (which had been kept at 20°C in a constant temperature water bath) was fed 
to the column through a Teflon tube wrapped with a thermal insulating material and made to flow through the column 
at a flow rate of 500 ml/hr (LHSV = 1 0.0). Thus a continuous reaction was conducted. 

r0108l 3 hours after the reaction was started, the reaction solution was analyzed. As a result, it was found that L- 
aspartic acid approximately equimolar with the consumed fumaric acid was obtained as a reaction product, where the 
conversion rate of fumaric acid into L-aspartic acid was 99.2%. en |„t inn 
r0109l To 1 liter of this reaction solution was added 29.3 g of a 25% aqueous ammonia solut.on. The reaction solution 
had a PH of 9 5 The reaction solution was heated to 60°C and then SO g of fumaric acid was added thereto. The 
reaction mixture was stirred to give a homogeneous so.ution in which the crystals of fumaric acid war. disso^ed 
completely The solution was gradually cooled while stirring. At the temperature around 45 C, crystals of L-aspartic 
acid came to appear in the solution. The suspension was further cooled to 30°C and stirring was allowed to continue 
at that temperature for additional 30 min. The suspension was filtrated and the resulting cake was fully compressed 
to remove liquid content therefrom. The cake was washed with 100 ml of water and then dried to give crystalline L- 
aspartic acid (yield 71 .2 g; purity 99.1%). 

Example 16 

r01101 The recombinant immobilized aspartase beads as mentioned above were soaked in a 20% ammonium fu- 
marate solution (pH 8.3) overnight. 50 ml of the same was packed into a column and the column was externaHy covered 
with a thermal insulating material made of foamed polystyrene to maintain the internal temperature of the column 
constant A substrate solution of Table 3 (which had been kept at 20°C in a constant temperature water baft) was fed 
to the column through a Teflon tube wrapped with a thermal insulating material and made to flow through the column 
at a flow rate of 500 ml/hr (LHSV =10.0). Thus a continuous reaction was conducted. 

rami 3 hours after the reaction was started, the reaction solution was analyzed. As a result, it was found that L- 
aspartic acid approximately equimolar with the consumed fumaric acid was obtained as a reaction product, where the 
conversion rate of fumaric acid into L-aspartic acid was 99.2%. rMMinn cnh „ iri n 

r01 1 21 To 1 liter of this reaction solution was added 29.3 g of a 25% aqueous ammonia solution. The react.on solution 
had a pH of 9 5 The reaction solution was heated to 60°C and then 90 g of fumaric acid was added thereto. The 
reaction mixture was stirred to give a homogeneous solution in which the crystals of fumaric acid were dissolved 
completely The solution was gradually cooled while stirring, whereby crystals of L-aspartic acd came to appear n the 
solution at about 45' C. The suspension was further cooled to 30°C and stirring was allowed to continue at that tem- 
perature for additional 30 min. Ninety g of fumaric acid was added to the suspension and stirred for 1 hour. The sus- 
pension was filtrated and the resulting cake was fully compressed to remove liquid content therefrom. The cake was 
washed with 100 ml of water and then dried to give crystalline L-aspartic acid (yield 83.2 g: purity 99.1 ..). 

Example 17 

[01 1 31 The recombinant immobilized aspartase beads as mentioned above were soaked in a 20% artmrto , tu- 
mara.e solution (pH 8 3) overnight. 50 ml of the same was packed into a column and the column was external* covered 
wIT thecal insulating material made of foamed polystyrene to maintain the int rnal temperature of the column 
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constant. A substrate solution of Table 3 (which had been kept at 20°C in a constant temperature water bath) was fed 
to the column through a Teflon tube wrapped with a thermal insulating material and made to flow through the column 
at a flow rate of 500 ml/hr (LHSV = 10.0). Thus a continuous reaction was conducted. 

[0114] 3 hours after the reaction was started, the reaction solution was analyzed. As a result, it was found that L- 
aspartic acid approximately equimolar with the consumed fumaric acid was obtained as a reaction product, where the 
conversion rate of fumaric acid into L-aspartic acid was 99.2%. 

[01 15] To 1 liter of this reaction solution was added 34.6 g of a 25% aqueous ammonia solution. The reaction solution 
had a pH of 9 8. The reaction solution was heated to 60°C and then 100 g of fumaric acid was added thereto. The 
reaction mixture was stirred to give a homogeneous solution in which the crystals of fumaric acid were dissolved 
completely. The solution was gradually cooled while stirring, whereby crystals of L-aspartic acid came to appear in the 
solution at about 45 3 C. The suspension was further cooled to 30°C and stirring was allowed to continue at that tem- 
perature for additional 30 min. The suspension was filtrated and the resulting cake was fully compressed to remove 
liquid content therefrom. The cake was washed with 100 ml of water and then dried to give crystalline L^spartic acid 
(yield 93.6 g: purity 99.1%). 

[0116] As is evident from the results of Examples 14-17 above, it is preferable to add 70 g or more of fumaric acid 
since a good recovery of L-aspartic acid of 60% or more can be attained. 

Example 18 

[0117] The recombinant immobilized aspartase beads as mentioned above were soaked in a 20% ammonium fu- 
marate solution (pH 8.3) overnight. 50 ml of the same was packed into a column and the column was externally covered 
with a thermal insulating material made of foamed polystyrene to maintain the internal temperature of the column 
constant. A substrate solution of Table 4 (which had been kept at 20°C in a constant temperature water bath) was fed 
to the column through a Teflon tube wrapped with a thermal insulating material and made to flow through the column 
at a flow rate of 500 ml/hr (LHSV = 10.0). Thus a continuous reaction was conducted. 

[0118] 3 hours after the reaction was started, the reaction solution was analyzed. As a result, it was found that L- 
asparttc acid approximately equimolar with the consumed fumaric acid was obtained as a reaction product, where the 
conversion rate of fumaric acid into L-aspartic acid was 99.2%. 

[0119] To 1 liter of this reaction solution was added 1 7.6 g of a 25% aqueous ammonia solution. The reaction solution 
had a pH of 9.1. The reaction solution was heated to 60°C and then 70 g of fumaric acid was added thereto. The 
reaction mixture was stirred to give a homogeneous solution in which the crystals of fumaric acid were dissolved 
completely. The solution was gradually cooled while stirring, whereby crystals of L-aspartic acid came to appear in the 
solution at about 45°C. The suspension was further cooled to 30°C and stirring was allowed to continue at that tem- 
perature for additional 30 min. The suspension was filtrated and the resulting cake was fully compressed to remove 
liquid content therefrom. The cake was washed with 100 ml of water and the crystals obtained were dried to give 
crystalline L-aspartic acid (yield 87.1 g; purity 99.0%). 

Example 19 

[0120] The recombinant immobilized aspartase beads as mentioned above were soaked in a 20% ammonium fu- 
marate solution (pH 8.3) overnight. 50 ml of the same was packed into a column and the column was externally covered 
with a thermal insulating material made of foamed polystyrene to maintain the internal temperature of the column 
constant. A substrate solution of Table 4 (which had been kept at 20°C in a constant temperature water bath) was fed 
to the column through a Teflon tube wrapped with a thermal insulating material and made to flow through the column 
at a flow rate of 500 ml/hr (LHSV = 10.0). Thus a continuous reaction was conducted. 

[0121] 3 hours after the reaction was started, the reaction solution was analyzed. As a result, it was found that L- 
aspartic acid approximately equimolar with the consumed fumaric acid was obtained as a reaction product, where the 
conversion rate of fumaric acid into L-aspartic acid was 99.2%. 

[0122] Tol liter of this reaction solution was added 17.6 g of a 25% aqueous ammonia solution. The reaction solution 
had a pH of 9.1. The reaction solution was heated to 60°C and then 90 g of fumaric acid was added thereto. The 
reaction mixture was stirred to give a homogeneous solution in which the crystals of fumaric acid were dissolved 
completely. The solution was gradually cooled while stirring, whereby crystals of L-aspartic acid came to appear in the 
solution at about 45°C. The suspension was further cooled to 30°C and stirring was allowed to continue at that tem- 
perature for additional 30 min. The suspension was filtrated and the resulting cake was fully compressed to remove 
liquid content therefrom. The cake was washed with 100 ml of water and then dried to give crystalline L-aspartic acid 
(yield 96.7 g: purity 98.5%). 
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Example 20 


[01231 The non-recombinant immobilized aspartase beads prepared as mentioned above were soaked in a 20 o 
ammon.um fumarate solut.on (pH 8.3) overnight. 50 ml of the same was packed into a column and the column was 
externally covered with a thermal insulating material made of foamed polystyrene to maintain the internal temperature 
of the column constant. A substrate solution of Table 3 (which had been kept at 20°C in a constant temperature water 
bath) was fed to the column through a Teflon tube wrapped with a thermal insulating material and made to flow through 
the column at a flow rate of 10 ml/hr (LHSV = 0 2). Thus a continuous reaction was conducted. 
[0124] 10 hours after the reaction was started, the reaction solution was analyzed. As a result, it was found that i_- 
aspartic acd approximately equimolar with the consumed fumanc acid was obtained as a reaction product, where the 
conversion rate of fumaric acid into L-aspartic acid was 99.0%. 

[0125] To 1 liter of this reaction solution was added 29.3 g of a 25% aqueous ammonia solut.on. The reaction solut.on 
had a P H of 9 5 The reaction solution was heated to 60°C and then 90 g of fumaric acid was added thereto. The 
reaction mixture was stirred to give a homogeneous solution in which the crystals of fumanc add were dissolved 
completely The solution was gradually cooled while stirring, whereby crystals of L-aspartic acid came to appear in the 
solution at about 45°C The suspension was further cooled to 30°C and stirring was allowed to continue at that tem- 
perature for additional 30 min. The suspension was filtrated and the resulting cake was fully compressed to remove 
liquid content therefrom. The cake was washed with 100 ml of water and then dried to give crystalline L^spartic acid 
(yield 82.8 g: purity 99 2%). 


Example 21 

[01261 The recombinant immobilized aspartase beads as mentioned above were soaked in a 20% ammonium fu- 
marate solution (pH 8.3) overnight. 50 ml of the same was packed into a column and the column was externally covered 
with a thermal insulating material made of foamed polystyrene to maintain the internal temperature of the column 
constant A substrate solution of Table 3 (which had been kept at 20°C in a constant temperature water bath) was fed 
to the column through a Teflon tube wrapped with a thermal insulating material and made to flow through the column 
at a flow rate of 500 ml/hr (LHSV = 1 0.0). Thus a continuous reaction was conducted. 

[01271 3 hours after the reaction was started, the reaction solution was analyzed. As a result, it was found that L- 
aspartic acid approximately equimolar with the consumed fumaric acid was obtained as a react.on product, where the 
conversion rate of fumaric acid into L-aspartic acid was 99.2%. 

[01 28] To 3 liters of this reaction solution was added 87.9 g of a 25% aqueous ammonia solution. The reaction solution 
had a pH of 9 5 The reaction solution was heated to 60°C and then 270 g of fumaric acd was added thereto. The 
reaction mixture was stirred to give a homogeneous solution in which the crystals of fumaric acd were d.ssolved 
completely The solution was gradually cooled while stirring, whereby crystals of L-aspartic acid came to appear in the 
solution at about 45°C. The suspension was further cooled to 30°C and stirring was allowed to cont.nue at that tem- 
perature for additional 30 min. The suspension was filtrated and the resulting cake was fully compressed to remove 
liquid content therefrom. The cake was washed with 300 ml of water and then dried to give crystalline L-aspartic acid 
(yield 251 1 g- purity 99 2%). The filtrate given after removing the crystals and the solution used for washing the cake 
were combined and condensed under reduced pressure. The solution was supplemented with 70.0 g of a 25% aqueous 
ammonia solution and made up with deionized water to 3 liters. «,„,..«„„ 
[01 29] This solution was re-used as the starting substrate solution for the subsequent reaction. That is. the solut.on 
(which had been kept at 20'C in a constant temperature water bath) was fed to the column through a Teflon tube 
wrapped with a thermal insulating material and made to flow through the column at a flow rate of 500 ml/hr (LHSV - 
10 0) Thus a continuous reaction was conducted. 

[01301 Thirty minutes after the reaction was started, the reaction solution was analyzed. As a result, it was found 
that L-aspartic acid approximately equimolar with the consumed fumaric acid was obtained as a react.on product, 
where the conversion rate of fumaric acid into L-aspartic acid was 99.2%. 

[0131] At this point in time. 2 liters of this reaction solution was removed and 58.6 g of a 25% aqueous ammonia 
solution was added thereto. The reaction solution had a pH of 9.5. The reaction solution was heated to60»C and then 
180 g of fumaric acid was added thereto. The reaction mixture was stirred to give a homogeneous solution in which 
the crystals of fumaric acid were dissolved completely. The solution was gradually cooled while st.rrmg, whereby crystals 
of L-aspartic acid came to appear .n the solution at about 45°C. The suspension was further cooled to 30°C and stirring 
was allowed to continue at that temperature for additional 30 min. The suspension was filtrated and the resulting cake 
was fully compressed to remove liquid content therefrom. The cake was washed with 200 ml of water and then dried 
to give crystalline L-aspartic acid (yield 188.6 g: purity 99 2%). The filtrate given after removing the crystal i and the 
solution used for washing the cake were combined and condensed under reduced pressure. The solut.on was supple- 
mented with 46.7 g of a 25% aqueous ammonia solution and made up with deionized water to 2 liters 
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[01 32J This solution was re-used as the starting substrate solution for the subseauent reaction That « th- c„i 
(which had been Kept a, 20'C ,n a constant temperature water bath, was fed toT o!u2 hrough a Teflon be" 
wrapped w„h a therma. insulating material and made to f.ow through the column a. a flow rate o 500 m I^Tlhsv - 
10.0). Thus a continuous reaction was conducted. tu-i&v - 

[hi?™* min . U,eS a ' ter reaC,i ° n W3S Stane& ,he reaction so,ution was analyzed. As a result it was found 
lliTn P approximately equimo.ar with the consumed fumaric ac.d was obtained as a reaction product 

where the conversion rate of fumaric acid into L-aspartic acid was 99.2%. proauct. 
[0134] At this point in time, 1 liter of this reaction solution was removed and ocn„„,, occ 
solution was added thereto. The reaction so.ution had a pH* 71 ZZtZ^ wa S^^C~ 

c2 t T«?r T add l d theret °- ThS reaC,i ° n miX,Ure WaS S,irred to Qive a homogeneous solu^n in which the 
o liLl- T ^ d ' SSO,Ved COm P' etel V The «*«ion was gradually cooled whi.e stirring, whereby^ ystLls 

of L-aspart.c ac.d came to appear in the solution at about 45°C. The suspension was further cooled to SS sK! 
was altowed to continue at that temperature for additional 30 min. The suspension was filiated and th res ullTrZ 

To Z cl c a 7 p T ssed to remove ,iquid contem there,rom The cake was wash * d "h 

to give crystalline L-aspartic acid (yield 95.6 g: purity 99.2%). 
Example 22 

[01 35] The recombinant immobilized aspartase beads as mentioned above were soaked in a 20- ammoninm i„ 

™ J?T k , ? ' a ^ °' '° amed P 0, y s, y rene to maintain the internal temperature of the column 
constanL A substrate so.ut.on of Table 3 (which had been kept at 20'C in a constant temperature water ba h) was Sd 

i° r^oTst ^r^-s wim a ,hermai insu,atin9 ma,eriai and made ,o f, ° w ^irsir^ 

rn, T-jcT o ( = 0) ' Thus a continuous reaction was conducted 

[0136] 3 hours after the reaction was started, the reaction solution was analyzed As a result it was found that i 

SSSo^ n ^ T m °' ar C ° nSUmed fUmariC add Was obta - d " *™ ^ P^uS S,T«,e 

conversion rate of fumaric acid into L-aspartic acid was 99 2% 

was'niatld toSO °C ^T^TS? If 293 9 0, " 25% aqUS ° US amm ° nia SO,ution The reacti °" -<ution 
nS-h ? 9 ( m °' e) °' fUmanC acid was added tnereto - The reaction mixture was stirred to 

tzTzr s «r s so n : in which the crys,ais ° f f umaric acid were disso,ved com ° ie < e| y soS :s s 

cooled while stirring, whereby crystals of L-aspartic acid came to appear in the solution at about 45°c The suLnston 

s"n Is tr^nd the" 0 "? '"T a "° Wed t0 ""^ * ^ t8mp6ratUre f ° r addi ^ ^ ^ tZ£ p £ 

wUh "0 m . o l"e d rndThl U n dTd't ^ fU " y '° ,iqUid C ° ntent there,rom The cake "as "asned 

wun iuo ml of water and then dried to give crystalline L-aspartic acid (yield 50.3 g: purity 99.3%). 

Comparative Example 2 

[0138] The recombinant immobilized aspartase beads as mentioned above were soaked in a 20% ammonium u, 

^ilT (pH , 8 t 3) ovemi9ht 50 m ' of the same was packed into 3 COlu ™ ^^^^Z^ 

cZtT, T L . ? 31 madS °' ,0amed P 0, V stvrene to maintain the internal temperature of Z column 
to STo, SU t b h Strate h SO, r° n °' TablS 7 (Which had bsen ke P< a < 20-C in a constant temperature watX bath) was fed 

It si" u^TsOC ^ThVTXT^ 3 therma ' inSU,a,in9 ma ' erial and made '° flow '^otgh thi" umn . 
mfim o (L SV = 10 0) Thus a continuous reaction was conducted 

L Jwtl a H° UrS aftef th V eaC ' i0n WaS S,arted ' tne reac,ion solu,ion was analyzed. As a result, it was found that L- 

cTe sion d at s PP M ' ma,e ' T m ° ,ar C ° nSUmed ' UmariC aCid Was ° b,alned as a reaction product whl he 

conversion rate of fumaric acid into L-aspartic acid was 99 7% 

wa 1 s 40 heatld to WC^^ , n to ?i!? U,i ^ 9 °' ' 25% aqUe ° US amm ° nia SOlUt '° n The reaction solution 

" t0 6 °, ^. and th l n 100 9 °' ,umarrc ac, d was added thereto. The reaction mixture was stirred to give a 

coZf h . t 3 ° Wh ' Ch ' he CrySta ' S °' ' Umar,c acid were dissolve d completely. The so.ution was gradually 

s^on was f!l ra^nn S ? ? f "° Wed '° C ° nUnUe at that tem P^ature for additional 30 min. The suspen- 
w°h Too m, S wateflnd h.n d ' T ^ COmpreSSed to remove ^ content therefrom. The cake was washed 
ro id i T 1 ? ° 9 ' Ve crvsta,,lne L-aspartic acid (yield 55.5 g: purity 99 2%) 

* a loot yiew " WS feSU "' ^ rSaCti ° n Wi ' h ° Ut Na ° H reSU " S " produc,ion of c ^ tal ™ ^-aspartic acid in 
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Example 23 


[0142] The recombinant immobilized aspar.ase beads as mentioned above ™^^^Z^™^ 
marat! solution (pH 8 3) overnight. 50 m. o« the same was packed ^ c0 ,umn 
with a thermal insulating material made o. foamed polys 

^rrmnr^ 

at a now rate of 500 m.hr (LHSV = 10.0). Thus a continuous react.on was «>£*x«- l 

had a pH of 9.1. The reaction solution was heated to 60 C and tner i ,u g dissolved 
reaction mixture was stirred to give a homogeneous solution ,n wh.c ' ^* ^J^^^™ to appe ar ,n the 
complete,, The solution was gradually cooled while s = 

solut,on at about 45°C The suspension was further cooled tc 30 C anc s t rnng compressed to re move 

» {SSSrl'^SSS-. ,0 « P,.s.m *»*n. . M co ? s jmJ* ,= pro*- c„** 6 L-** 

[0148? The followings are information on sequences described herein: 
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Annex to the description 
[0149] 

SEQUENCE LISTING 
INFORMATION FOR SEQ ID NO : 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1573 

(B) TYPE: nucleic acid 

(C) STRANDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: cDNA to mRNA 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Escherichia coli 
(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

ggggataatc gtcggtcgaa aaacattcga aaccacatat attctgtgtg tttaaagcaa 60 
atcattggca gcttgaaaaa gaaggttcac atg tea aac aac att cgt ate gaa 114 

Met Ser Asn Asn He Arg He Glu 
1 5 

gaa gat ctg ttg ggt acc agg gaa gtt cca get gat gec tac tat ggt 162 
Glu Asp Leu Leu Gly Thr Arg Glu Val Pro Ala Asp Ala Tyr Tyr Gly 

!0 15 20 

gtt cac act ctg aga gcg att gta aac ttc tat ate age aac aac aaa 210 
Val His Thr Leu Arg Ala He Val Asn Phe Tyr He Ser Asn Asn Lys 
25 30 35 40 

ate agt gat att cct gaa ttt gtt cge ggt atg gta atg gtt aaa aaa 258 
He Ser Asp He Pro Glu Phe Val Arg Gly Met Val Met Val Lys Lys 


50 


SS 
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20 


25 


30 


45 50 55 

gcc gca get atg gca aac aaa gag ctg caa acc att cct aaa agt gta 306 
Ala Ala Ala Met Ala Asn Lys Glu Leu Gin Thr He Pro Lys Ser VaL 

60 65 70 

gcg aat gcc ate att gcc gca tgt gat gaa gtc ctg aac aac gga aaa 354 
Ala Asn Ala lie lie Ala Ala Cys Asp Glu Val Leu Asn Asn Gly Lys 

75 80 85 

tgc atg gat cag ttc ccg gta gac gtc tac cag ggc ggc gca ggt act 402 
Cys Met Asp Gin Phe Pro Val Asp Val Tyr Gin Gly Gly Ala Gly Thr 

90 95 100 

tec gta aac atg aac acc aac gaa gtg ctg gcc aat ate ggt ctg gaa 450 
is Ser Val Asn Met Asn Thr Asn Glu Val Leu Ala Asn He Gly Leu Glu 

105 110 115 120 

ctg atg ggt cac caa aaa ggt gaa tat cag tac ctg aac ccg aac gac 498 
Leu Met Gly His Gin Lys Gly Glu Tyr Gin Tyr Leu Asn Pro Asn Asp 

125 130 135 

cat gtt aac aaa tgt cag tec act aac gac gcc tac ccg acc ggt ttc 546 
His Val Asn Lys Cys Gin Ser Thr Asn Asp Ala Tyr Pro Thr Gly Phe 

140 145 150 

cgt ate gca gtt tac tct tec ctg att aag ctg gta gat gcg att aac 
Arg He Ala Val Tyr Ser Ser Leu He Lys Leu Val Asp Ala He Asn 

155 160 165 

caa ctg cgt gaa ggc ttt gaa cgt aaa get gtc gaa ttc cag gac ate 
Gin Leu Arg Glu Gly Phe Glu Arg Lys Ala Val Glu Phe Gin Asp lie 

170 175 180 

ctg aaa atg ggt cgt acc cag ctg cag gac gca gta ccg atg acc etc 
Leu Lys Met Gly Arg Thr Gin Leu Gin Asp Ala Val Pro Met Thr Leu 
185 190 195 200 

35 ggt cag gaa ttc cgc get ttc age ate ctg ctg aaa gaa gaa gtg aaa 738 

Gly Gin Glu Phe Arg Ala Phe Ser He Leu Leu Lys Glu Glu Val Lys 

205 210 215 

aac ate caa cgt acc get gaa ctg ctg ctg gaa gtt aac ctt ggt gca 786 
Asn lie Gin Arg Thr Ala Glu Leu Leu Leu Glu Val Asn Leu Gly Ala 

220 225 230 

aca gca ate ggt act ggt ctg aac acg ccg aaa gag tac tct ccg ctg 834 
Thr Ala He Gly Thr Gly Leu Asn Thr Pro Lys Glu Tyr Ser Pro Leu 
45 235 240 245 

gca gtg aaa aaa ctg get gaa gtt act ggc ttc cca tgc gta ccg get 882 
Ala Val Lys Lys Leu Ala Glu Val Thr Gly Phe Pro Cys Val Pro Ala 
250 255 260 

so gaa gac ctg ate gaa gcg acc tct gac tgc ggc get tat gtt atg gtt 

Glu Asp Leu He Glu Ala Thr Ser Asp Cys Gly Ala Tyr Val Met Val 
265 270 275 280 

cac ggc gcg ctg aaa cgc ctg get gtg aag atg tec aaa ate tgt aac 
55 His Gly Ala Leu Lys Arg Leu Ala Val Lys Met Ser Lys He Cys Asn 
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285 290 295 

gac ctg cgc ttg etc tct tea ggc cca cgt gec ggc ctg aac gag ate 1026 
Asp Leu Ar * Leu Le " Ser Ser Gly Pro Arg Ala Cly Leu Asn Glu He 

300 305 310 

aac ctg ccg gaa ctg cag gcg ggc tct tec ate atg cca get aaa gta 1074 
Asn Leu Pro Glu Leu Gin Ala Gly Ser Ser He Met Pro Ala Lys Val 

315 320 325 

aac ccg gtt gtt ccg gaa gtg gtt aac cag gta tgc ttc aaa gtc ate 11?2 
Asn Pro Val Val Pro Glu Val Val Asn Gin Val Cys Phe Lys Val lie 
330 335 340 

ggt aac gac acc act gtt acc atg gca gca gaa gca ggt cag ctg cag 
Gly Asn Asp Thr Thr Val Thr Met Ala Ala Clu Ala Gly Gin Leu Gin 
345 3S0 355 3 6 o 

ttg aac gtt atg gag ccg gtc act ggc cag gec atg ttc gaa tec gtt 

zo Leu Asn Val Met Glu Pro Val He Gly Gin Ala Met Phe Glu Ser Val 

365 370 375 

cac att ctg acc aac get tgc tac aac ctg ctg gaa aaa tgc att aac 
His He Leu Thr Asn Ala Cys Tyr Asn Leu Leu Glu Lys Cys He Asn 

ss 380 385 390 

ggc ate act get aac aaa gaa gtg tgc gaa ggt tac gtt tac aac tct 
Gly He Thr Ala Asn Lys Glu Val Cys Glu Gly Tyr Val Tyr Asn Ser 
395 400 405 

n° IV V\ IT " g ^ CCg " C atC ggt Cac cac ^ 1362 
He Gly He Val Thr Tyr Leu Asn Pro Phe He Gly His His Asn Gly 

410 415 420 

gac ate gtg ggt aaa ate tgt gee gaa acc ggt aag agt gta cgt gaa 1410 

Asp He Val Gly Lys lie Cys Ala Glu Thr Gly Lys Ser Val Arg Glu 

425 4 30 435 440 

5V ^ S ?f CgC g8t Ctg Ug aCt gaa gCg gaa ctt « ac « at a " 1458 
Val Val Leu Glu Arg Gly Leu Leu Thr Glu Ala Glu Leu Asp Asp He 

445 450 455 

^ tC c" f ? ^ g CtS atS CaC CCg gCt tac aaa * ca aaa tat 1506 
Phe Ser Val Gin Asn Leu Met His Pro Ala Tyr Lys Ala Lys Arg Tyr 

460 465 470 

act gat gaa age gaa cag taategtaca gggtagtaca aataaaaaag 1554 
Thr Asp Glu Ser Glu Gin 
475 

geaegtcaga tgacgtgcc 1573 


INFORMATION FOR SEQ ID NO : 2 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 20 
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(B) TYPE: nucleic acid 

(C) STRANDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 : 
ggataatcgt cggtcgaaaa 


20 


INFORMATION FOR SEQ ID NO : 3 : 
15 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 

(B) TYPE: nucleic acid 

(C) STRANDNESS: single 

(D) TOPOLOGY: linear 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

cgtcatctga cgtgccttt 19 

30 
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SEQUENCE LISTING 
<110> Nippon Shokubai Co., Ltd. 

s 

<120> PROCESS FOR PRODUCTION OF L-ASPARTIC ACID 
w <130> PH-613 

<150> JP 98/31857 
)5 " <1S1> 1998 -2-13 

<150> JP 98/31858 

<151> 1998-2-13 

20 

<160> 3 

2S <210> 1 

<211> 1573 

<212> DNA 

30 <213> Escherichia coli 

<400> 1 

ggggataatc gtcggtcgaa aaacattcga aaccacatat attctgtgtg tttaaagcaa 60 
atcattggca gcttgaaaaa gaaggttcac atg tea aac aac att cgt ate gaa 114 

Met Ser Asn Asn He Arg He Glu 
1 5 

gaa gat ctg ttg ggt acc agg gaa gtt cca get gat gee tac tat ggt 162 
Glu Asp Leu Leu Gly Thr Arg Glu Val Pro Ala Asp Ala Tyr Tyr Gly 

10 15 20 

gtt cac act ctg aga gcg att gta aac ttc tat ate age aac aac aaa 210 
Val His Thr Leu Arg Ala He Val Asn Phe Tyr He Ser Asn Asn Lys 
25 30 35 40 

ate agt gat att cct gaa ttt gtt cgc ggt atg gta atg gtt aaa aaa 258 
He Ser Asp He Pro Glu Phe Val Arg Gly Met Val Met Val Lys Lys 

45 50 55 

gee gca get atg gca aac aaa gag ctg caa acc att cct aaa agt gta 306 
Ala Ala Ala Met Ala Asn Lys Glu Leu Gin Thr He Pro Lys Ser Val 

60 65 70 

gcg aat gee ate att gec gca tgt gat gaa gtc ctg aac aac gga aaa 354 
Ala Asn Ala lie lie Ala Ala Cys Asp Glu Val Leu Asn Asn Gly Lys 
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75 80 85 

tgc atg gat cag ttc ccg gta gac gtc tac cag ggc ggc gca ggt act 
Cys Met Asp Gin Phe Pro Val Asp Val Tyr Gin Gly Gly Ala Gly Thr 

90 95 100 

tec gta aac atg aac acc aac gaa gtg ctg gec aat ate ggt ctg gaa 
Ser Val Asa Met Asn Thr Asn Glu Val Leu Ala Asn lie Gly Leu Glu 
105 U0 115 120 

ctg atg ggt cac caa aaa ggt gaa tat cag tac ctg aac ccg aac gac 
Leu Met Gly His Gin Lys Gly Glu Tyr Gin Tyr Leu Asn Pro Asn Asp 

125 130 135 

cat gtt aac aaa tgt cag tec act aac gac gec tac ccg acc ggt ttc 
His Val Asn Lys Cys Gin Ser Thr Asn Asp Ala Tyr Pro Thr Gly Phe 

140 145 150 

cgt ate gca gtt tac tct tec ctg att aag ctg gta gat gcg att aac 
Arg lie Ala Val Tyr Ser Ser Leu lie Lys Leu Val Asp Ala lie Asn 

155 160 165 

caa ctg cgt gaa ggc ttt gaa cgt aaa get gtc gaa ttc cag gac ate 
Gin Leu Arg Glu Gly Phe Glu Arg Lys Ala Val Glu Phe Gin Asp He 

170 175 180 

ctg aaa atg ggt cgt acc cag ctg cag gac gca gta ccg atg acc etc 
Leu Lys Met Gly Arg Thr Gin Leu Gin Asp Ala Val Pro Met Thr Leu 
185 190 195 200 

ggt cag gaa ttc cgc get ttc age ate ctg ctg aaa gaa gaa gtg aaa 
Gly Gin Glu Phe Arg Ala Phe Ser He Leu Leu Lys Glu Glu Val Lys 

205 210 215 

aac ate caa cgt acc get gaa ctg ctg ctg gaa gtt aac ctt ggt gca 
Asn lie Gin Arg Thr Ala Glu Leu Leu Leu Glu Val Asn Leu Gly Ala 

220 225 230 

aca gca ate ggt act ggt ctg aac acg ccg aaa gag tac tct ccg ctg 
Thr Ala He Gly Thr Gly Leu Asn Thr Pro Lys Glu Tyr Ser Pro Leu 

235 240 245 

gca gtg aaa aaa ctg get gaa gtt act ggc ttc cca tgc gta ccg get 
Ala Val Lys Lys Leu Ala Glu Val Thr Gly Phe Pro Cys Val Pro Ala 

250 255 260 

gaa gac ctg ate gaa gcg acc tct gac tgc ggc get tat gtt atg gtt 
Glu Asp Leu lie Glu Ala Thr Ser Asp Cys Gly Ala Tyr Val Met Val 
265 270 275 280 

cac ggc gcg ctg aaa cgc ctg get gtg aag atg tec aaa ate tgt aac 
His Gly Ala Leu Lys Arg Leu Ala Val Lys Met Ser Lys He Cys Asn 

285 290 295 

gac ctg cgc ttg etc tct tea ggc cca cgt gee ggc ctg aac gag ate 
Asp Leu Arg Leu Leu Ser Ser Gly Pro Arg Ala Gly Leu Asn Glu lie 

300 305 310 

aac ctg ccg gaa ctg cag gcg ggc tct tec ate atg cca get aaa gta 


402 


450 


498 


546 


594 


642 


690 


738 


786 


834 


882 


930 


978 


1026 


1074 
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Asn Leu Pro Glu Leu Gin 
315 

aac ccg gtt gtt ccg gaa 
Asn Pro Val Val Pro Glu 
330 

ggt aac gac acc act gtt 
Gly Asn Asp Thr Thr Val 
345 350 
ttg aac gtt atg gag ccg 
Leu Asn Val Met Glu Pro 
365 

cac att ctg acc aac get 
His He Leu Thr Asn Ala 
380 

ggc ate act get aac aaa 
Gly I le Thr Ala Asn Lys 
395 

ate ggt ate gtt act tac 
He Gly He Val Thr Tyr 
410 

gac ate gtg ggt aaa ate 
Asp lie Val Gly Lys He 
425 430 
gtc gtt ctg gaa cgc ggt 
Val Val Leu Glu Arg Gly 
445 

ttc tec gta cag aat ctg 
Phe Ser Val Gin Asn Leu 
460 

act gat gaa age gaa cag 
Thr Asp Glu Ser Glu Gin 
475 

geaegtcaga tgacgtgcc 

<210> 2 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed primer based on aspartase gene 
Escherichia coli K-12 strain (SEQ id NO:l). 


Ala Gly Ser Ser He Met Pro Ala Lys Vai 

320 325 
gtg gtt aac cag gta tgc ttc aaa gtc ate 
Val Val Asn Gin Val Cys Phe Lys Val He 
335 340 
acc atg gca gca gaa gca ggt cag ctg cag 
Thr Met Ala Ala Glu Ala Gly Gin Leu Gin 
355 360 
gtc att ggc cag gec atg ttc gaa tec gtt 
Val He Gly Gin Ala Met Phe Glu Ser Val 

370 375 
tgc tac aac ctg ctg gaa aaa tgc att aac 
Cys Tyr Asn Leu Leu Glu Lys Cys He Asn 

385 390 
gaa gtg tgc gaa ggt tac gtt tac aac tct 
Glu Val Cys Glu Gly Tyr Val Tyr Asn Ser 

400 405 
ctg aac ccg ttc ate ggt cac cac aac ggt 
Leu Asn Pro Phe He Gly His His Asn Gly 
415 420 
tgt gec gaa acc ggt aag agt gta cgt gaa 
Cys Ala Glu Thr Gly Lys Ser Val Arg Glu 
435 440 
ctg ttg act gaa gcg gaa ctt gac gat att 
Leu Leu Thr Glu Ala Glu Leu Asp Asp He 

450 455 
atg cac ccg get tac aaa gca aaa cgc tat 
Met His Pro Ala Tyr Lys Ala Lys Arg Tyr 

465 470 
taategtaca gggtagtaca aataaaaaag 


1122 


1170 


1218 


1266 


1314 


1362 


1410 


1458 


1506 


1554 


1573 


sequence of 
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<400> 2 

ggataatcgt cggtcgaaaa 2 

<210> 3 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed primer based on aspartase gene sequence 
Escherichia coli K-12 strain (SEQ ID NO:l). 

< 4 0 0 > 3 

cgtcatctga cgtgccttt 19 


Claims 


1 A process for producing crystalline L-aspartic acid comprising the steps of preparing a mix solution comprising 
f umaric acid, ammonia and an alkaline metal hydroxide, reacting the mix solution with aspartase to give a reaction 
solution containing L-aspartate and crystallizing L-aspartic acid out of the reaction solution, where.n a further 
amount of ammonia is added to the reaction solution containing L-aspartate and subsequently fumanc acid is 
added thereto to crystallize L-aspartic acid. 

2 The process as claimed in claim 1 . wherein the non-crystallized aspartic acid remaining in the reaction solution 
after the crystallization of L-aspartic acid is isolated, ammonia is added to the solution, and the resultant solut.on 
is recycled as a part of the starting reaction solution for the process of producing crystalline L-aspartic acid. 

3 A process for producing crystalline L-aspartic acid comprising the steps of preparing a mix solution comprising 
fumaric acid, ammonium L-aspartate, ammonia and an alkaline metal hydroxide, reacting the mix solut.on w.th 
aspartase to give a reaction solution containing L-aspartate and crystallizing L-aspartic acid out of the reaction 
solution, wherein a further amount of ammonia is added to the reaction solution containing L-aspartate and sub- 
sequently fumaric acid is added thereto to crystallize L-aspartic acid. 

4 A process for producing crystalline L-aspartic acid comprising the steps of preparing a mix solution comprising 
fumaric acid, ammonia and an alkaline metal hydroxide, reacting the mix solution with aspartase to g.ve a reaction 
solution containing L-aspartate and crystallizing L-aspartic acid out of the reaction solution, where.n a further 
amount of ammonia is added to the reaction solution containing L-aspartate, the reaction solution is heated, fumaric 
acid is added to the reaction solution, and the reaction solution is cooled to crystallize L-aspartic acid. 

5 The process as claimed in claim 4. wherein the non-crystallized aspartic acid remaining in the reaction solution 
after the crystallization of L-aspartic acid is isolated, ammonia is added to the solution, and the resultant solut.on 
is recycled as a part of the starting reaction solution for the process of producing crystalline L-aspart.c acid. 

6 A process for producing crystalline L-aspartic acid comprising the steps of preparing a mix solution comprising 
fumaric acid, ammonium L-aspartate. ammonia and an alkaline metal hydroxide, reacting the mix solution with 
aspartase to give a reaction solution containing L-aspartate and crystallizing L-aspartic acid out of the reaction 
solution wherein a further amount of ammonia is added to the reaction solution containing L-aspartate. the taction 
solution is heated, fumaric acid is added thereto to the reaction solution, and the reaction solution is coolea to 
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crystallize L-aspartic acid. 


7. The process as claimed in any one of claims 1 to 6. wherein the amount of the alkaline metal hydroxide in the mix 
solution is from 0.1 to 1 time the total molar amount of fumarate and L-aspartate both contained in the solution. 

8. The process as claimed in any one of claims 1 to 7 wherein the amount of the fumaric acid added for crystallization 
of L-aspartic acid is from 0.6 to 1.2 times the total molar amount of fumarate and L-aspartate both contained in 
the reaction solution containing L-aspartic acid. 

9. The process as claimed in any one of claims 1 to 8. wherein the aspartase is an immobilized aspartase prepared 
by immobilizing a transformant carrying an aspartase gene or a product from the transformant onto a carrier. 

10. The process as claimed in any one of claims 1 to 9. wherein the mix solution comprising fumaric acid, L-aspartic 
acid ; ammonia and an alkaline metal hydroxide which contains fumaric acid and L-aspartic acid in a concentration 
of 8 to 20% in terms of fumaric acid is made to flow through a reactor containing an immobilized aspartase having 
an aspartase activity of 250 U of the carrier or more at a liquid hour space velocity of 2 to 20. 

11. The process as claimed in any one of claims 1 to 10, wherein the immobilized aspartase is prepared by adsorption 
of microorganism cells having an aspartase activity or products from the microorganism cells onto an ion exchange 
resin or by coating of a polymer containing the microorganism cells or the products from the microorganism cells 
onto the ion exchange resin. 

12. The process as claimed in any one of claims 1 to 11, wherein the immobilized aspartase is prepared by mixing 
microorganism cells having an aspartase activity or products from the microorganism cells with a polymer of formula 
(I) and then coating the mixture onto the surface of the spherical styrene/divinylbenzene copolymer ion exchange 
resin particles: 


~ CH, — CH CHCHz-V 


/ \ 

R i R 


n 


wherein Y denotes a direct bonding or a divalent group selected from the group consisting of 


0 
II 

-s- 

II 
0 


or — CH 


COOH 


CH — 

f 

CQQH 


each of R, and R 2 is independently a hydrogen atom or an organic residue: X~ denotes an anion: and n is an 
integer from 100 to 5000 
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